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It is now recognized that abnormalities of small intestinal morphology and function in the tropics are found both in subjects with overt tropical sprue and in the asymptomatic indigenous population (Baker, Ignatius, Mathan, Vaish, and Chacko, 1962; Sprinz, Sribhibhadh, Gangarosa, Benyajati, Kundel, and Halstead, 1962; Lindenbaum, Alam, and Kent, 1966; Russell, Aziz, Ahmad, Kent, and Gangarosa, 1966; England and O'Brien, 1966) . Previous studies in Haiti have indicated that such intestinal abnormalities are associated with a spectrum of clinical manifestations ranging from the asymptomatic state to overt tropical sprue (Klipstein, Samloff, and Schenk, 1966a) . The aetiology of these intestinal changes in the asymptomatic subjects and their relationship to the lesion found in overt tropical sprue are uncertain. In some instances, protein malnutrition may be relevant to the aetiology of subclinical malabsorption (Mayoral, Tripathy, Garcia, Klahr, Bolafnos, and Ghitis, 1967) ; however, in those circumstances where protein malnutrition is absent, other factors must be invoked and it has been suggested that the intestinal lesion both in overt tropical sprue and in subclinical malabsorption may represent a reaction of the intestinal mucosa to similar, as yet unidentified, environmental factors (Klipstein, 1967) .
Treatment of subjects with overt tropical sprue, using either folic acid or oral tetracycline, is known to result in improvement in intestinal morphology and absorptive capacity with the consequent correction of nutritional deficiencies (Sheehy, Baggs, Perez-Santiago, and Floch, 1962; Guerra, Wheby, and Bayless, 1965; Klipstein, Schenk, and Samloff, 1966b; O'Brien and England, 1966) . To date, no studies have been reported concerning the results of similar treatment in subjects with subclinical malabsorption in the tropics. The present report describes the results of such therapy in 23 Haitians, eight of whom had overt and 15 of whom had subclinical malabsorption.
SUBJECTS STUDIED
The subjects studied, who came from rural areas of the Artibonite Valley, have been classified into the following groups: subjects with overt tropical sprue and subjects with subclinical malabsorption who either had evidence of protein deficiency or were asymptomatic. Individuals were selected for therapeutic studies from each of these groups according to the following criteria: (1) Eight (cases 1 to 8) were considered to have overt tropical sprue; all gave a history of diarrhoea (demonstrated to be unrelated to parasitic infestation), anorexia, and weight loss, and all were found to have florid megaloblastic erythropoiesis. (2) Seven (cases 9 to 15) were considered to have protein deficiency; all presented with pedal oedema and were found to have hypoalbuminaemia. All seven denied anorexia or recent weight loss; six denied diarrhoea and diarrhoea in the seventh(case 15) wasshown to be due to infestation with Endomoeba histolitica. Four of these subjects had mild megaloblastic changes. (3) Eight (cases 16 to 23) were entirely asymptomatic and were selected for study at random from the minor surgery clinic.
METHODS
Serum samples were obtained in the fasting state and maintained frozen in Haiti and during transit to New York City. Serum folate concentrations were assayed with Lactobacillus casei (Herbert, Baker, Frank, Pasher, Sobotka, and Wasserman, 1960) ; in this laboratory, normal subjects have serum levels between 7 and 20 mug/ml and values of less than 5 mug/ml are considered indicative of folate deficiency. Serum vitamin B12 concentrations were assayed with Lactobacillus leichmanii (Spray, 1955) ; normal values in this laboratory range from 150 to 900 1utg/ml. Intestinal biopsy specimens were obtained with a multiple purpose suction biopsy tube positioned under fluoroscopic control in the region of the ligament of Treitz and were subsequently fixed in 10% neutral buffered formalin. The techniques employed in the performance of the absorption studies have been recently described elsewhere (Klipstein et al, 1966a) . Impaired renal function was excluded as a spurious cause ofreduced excretion of test substances used in the absorption studies by the demonstration in every patient of a normal 315 F. A. Klipstein, L M. Samloff, G. Smarth, and E. A. Schenk blood urea nitrogen concentration and, in 11 instances, corroborative serum xylose determinations.
Seventeen patients were treated initially with 5 mg of folic acid daily; in addition, these subjects received 0.3 g of ferrous sulphate daily and 1,000 ,gg of vitamin B12 was administered parenterally at the onset of the study period. After periods of therapy ranging from four to 10 months, all subjects were re-evaluated and 10 were subsequently treated for two months with tetracycline, 250 mg twice daily. Six patients were treated exclusively with tetracycline for four to six months; these subjects also received ferrous sulphate but were not given vitamin B2. All patients received treatment on an outpatient basis during which time no attempt was made to supplement their dietary intake.
Determinations were considered indicative of improvement if the following criteria were met: weight gain of greater than 5 lb; an increase of haemoglobin concentration greater than 2.0 g; an increase of serum albumin concentration greater than 1.0 g/100 ml or return to normal; an increase of xylose excretion greater than 2.0 g/five hours or return to normal; return of 80CoB12 absorption to normal. Jejunal biopsy changes were interpreted independently by two observers, both of whom were unaware of the therapeutic status of the patient. The criteria employed for categorizing the degree of villous abnormality have been described previously (Klipstein, 1964; Schenk, Samloff, and Klipstein, 1965 9-6-10-4 11 3-13.9 12-1-11-7 16-1-16-6 11*6-13-4 12-2-12-0 5-6-13-1 12 2-17-1 12.5-14.5 10-0-11-4 10-1-12-0 8.5-11.3 13-0-11-7 10-6-113 10. 5-12.7 12-6-11-9 albumin rose in two of the five patients with tropical sprue who had subnormal pretreatment values and in one of the three patients with protein deficiency. The serum cholesterol concentration rose to normal in three patients with tropical sprue and in two asymptomatic subjects.
Xylose absorption increased in two patients with tropical sprue, in one patient with protein deficiency, and in three asymptomatic subjects. The absorption of 60CoB%2 remained subnormal in all seven patients with tropical sprue, but rose to normal in one patient with protein malnutrition and in three asymptomatic subjects. Jejunal morphology improved, with increased villous height and reduction in the inflammatory cell infiltration of the lamina propria, in six patients with tropical sprue, with reversal to mild (1 +) villous abnormalities in five of these six patients (Fig. 2b) . There was also morphological improvement in three of the seven asymptomatic subjects with reversal to moderate (2+) abnormalities in two and to mild (1 +) changes in one (Fig. 3b) . No change was evident in the biopsy appearance in the three subjects with protein deficiency, two of whom had mild (1+) changes before treatment.
Treatment with tetracycline Six patients with tropical sprue (cases 2-7), one with protein deficiency (case 11), and three asymptomatic subjects (cases 20-22), who had received initial therapy with folic acid, were subsequently treated with tetracycline. Three of the patients with tropical sprue and one of the asymptomatic subjects gained weight. The concentration of haemoglobin rose in three subjects; the serum albumin concentration returned to normal in the subject with protein deficiency and the serum cholesterol concentration returned to normal in one of the patients with tropical sprue and in the subject with protein deficiency. Xylose absorption increased in two of the patients with tropical sprue and the absorption of 60CoB12 became normal in another patient with tropical sprue. Jejunal morphology showed improvement, with reversal to mild (1 +) changes, in all five of the patients (two with tropical sprue, one with protein deficiency, two asymptomatic subjects) who had persistent, marked (3 +) or moderate (2+) villous abnormalities following treatment with folic acid.
One patient with tropical sprue (case 8), four with protein deficiency (cases 12-15), and one asymptomatic subject (case 23) were treated exclusively with tetracycline and oral iron salts. Diarrhoea ceased in the one patient with tropical sprue and this patient as well as all four subjects with protein deficiency gained weight. The concentration of haemoglobin rose in four persons, although there was no increase in the serum concentration of vitamin B12 in the four subjects who had subnormal pretreatment values. The serum albumin concentration rose in the patient with tropical sprue and in two of the four subjects with protein deficiency. The serum cholesterol concentration returned to within normal limits in the patient with tropical sprue and in one subject with protein deficiency. The absorption of xylose was increased in two of the four subjects with protein deficiency and in the single asymptomatic subject. The absorption of 60CoB12 was not ascertained before treatment in these patients in order that they should not receive the vitamin at this time. Following treatment, the absorption of 60CoB12 was normal in two of the subjects with protein deficiency and was subnormal in the one patient with tropical sprue, in two patients with protein deficiency, and in the single asymptomatic subject. Jejunal morphology was improved in the patient with tropical sprue and in one of the four subjects with protein deficiency (Fig. 4b) . No change was apparent in the biopsy appearance in the one asymptomatic subject and in three subjects with protein deficiency, two of whom had mild (1 +) changes before therapy.
DISCUSSION
Pending the identification of its aetiology, tropical sprue remains an ill-defined entity whose variable manifestations are well recognized (Baker, 1957; Gardner, 1958; Klipstein, 1968) . The identification of tropical sprue among the population of an area where intestinal morphological abnormalities are ubiquitous and malabsorption is common, such as in rural Haiti (Klipstein et al, 1966a; Klipstein, Samloff, Smarth, and Schenk, 1968) , is thus often difficult. The purpose of the present study was to ascertain whether subjects with subclinical malabsorption would respond to therapy in a manner similar to patients with overt tropical sprue. To this end, 23 subjects who had varying clinical and laboratory manifestations of intestinal disease were selected from the outpatient clinic for treatment with folic acid and/or oral tetracycline in the absence of dietary supplements. Eight patients were considered to have overt tropical sprue since they met the criteria for tropical sprue which have been generally employed in the past in the West Indies, namely, the presence of diarrhoea, anorexia, weight loss, abnormalities of intestinal morphology and function, and a florid megaloblastic anaemia (Perez-Santiago and Butterworth, 1957; Gardner, 1958; Sheehy et al, 1962; Guerra et al, 1965) . The other 15 patients treated had subclinical malabsorption in that none had diarrhoea or other overt manifestations of their gastrointestinal disease which would lead to the clinical diagnosis of tropical sprue. They have been divided into two groups based on the presence or absence of hypoalbuminaemia. The seven subjects referred to as protein deficient presented with pedal oedema and were found to have hypoalbuminaemia; four of these subjects had mild megaloblastic changes. In contrast, the eight asymptomatic subjects did not have oedema and had a normal serum albumin concentration.
It is now well established that treatment of overt tropical sprue with either folic acid or oral tetracycline commonly results in improvement in the intestinal lesion with amelioration of clinical symptoms and nutritional deficiencies (Sheehy and Perez-Santiago, 1961; Sheehy et al, 1962; Guerra et al, 1965; O'Brien and England, 1966) . Such was the case in all eight patients with overt tropical sprue who were treated in the present study. Diarrhoea ceased in all, five gained weight, intestinal morphology improved in all eight, xylose absorption increased in four, and the concentration of haemoglobin, albumin, and cholesterol rose in a high proportion of cases. Similar improvement also occurred in some patients with protein deficiency and asymptomatic subjects following treatment. Weight gain occurred principally in the subjects with protein deficiency since these individuals were underweight before treatment; five of these seven subjects gained more than 10 lb each. Of the 15 subjects with subclinical malabsorption (protein-deficient and asymptomatic subjects), jejunal morphology improved in six and xylose absorption improved in seven; the haemoglobin concentration rose in nine, the serum albumin concentration increased in four, and the serum cholesterol concentration returned to normal in four.
Swanson and her colleagues (Swanson, Wheby, and Bayless, 1966) have described a correlation between the severity of pretreatment morphological abnormalities and the response to therapy with folic acid in patients with overt tropical sprue. The limited number of subjects in the present study precludes any definite conclusion, but suggests that a similar circumstance may prevail in all subjects in the tropics irrespective of clinical manifestations. Thus, treatment resulted in morphological improvement in all nine subjects who had marked (3+) abnormalities, in five of 10 subjects with moderate (2 +) changes but in none of the four cases with mild (1+) changes. The mild changes were similar to those residual abnormalities which persisted in every patient following treatment both in the present study as well as in individuals with tropical sprue who have been treated by others (Guerra et al, 1965; England and O'Brien, 1966; Swanson et al, 1966) . A correlation between improvement in jejunal morphology and nutritional status was apparent in the majority of cases in the present study. Morphological improvement was evident in eight of the 12 patients who gained weight, in six of the seven in whom the serum albumin concentration rose, and in eight of the nine in whom the serum cholesterol concentration returned to normal.
Intestinal absorptive function showed improvement in one-half of the 23 cases after treatment, but xylose absorption returned to within normal limits in only three instances and the absorption of 60CoB12 was normal after treatment in only seven subjects. Others (Perez-Santiago and Butterworth, 1957; Rodriguez-Molina, Cancio, and Asenjo, 1960; Sheehy et al, 1962) or with oral antibiotics when given over a short period of time (Sheehy and PerezSantiago, 1961) . In some instances, the mucosal lesion has not healed completely, with return of absorptive capacity to normal until after treatment with folic acid for from one to two years (Sheehy et at, 1962; Sheehy, Cohen, Wallace, and Legters, 1965; O'Brien and England, 1966) , and the extension of tetracycline therapy to six months has resulted in a significantly higher incidence of absorptive function returning to normal than short-term therapy (Guerra et al, 1965) accomplished. In the present study, the maximum period of treatment with folic acid was eight months and only three patients received tetracycline for six months. This suboptimal period of therapy may have, in part, been a factor in the persistence of malabsorption that was noted in a high proportion of cases.
The positive therapeutic effect of folic acid and tetracycline on the nutritional status and intestinal abnormality that was evident in some subjects with subclinical malabsorption implies that (1) malabsorption was of relevance in the aetiology of nutritional deficiencies in some of these subjects, and (2) that the intestinal abnormalities present in some subjects with subclinical malabsorption was related to the lesion of tropical sprue in that both respond favourably to the same form of therapy. At the same time, it must be recognized that intestinal improvement did not occur in all of the subjects with subclinical malabsorption and that the results of this study do not preclude the possibility that the intestinal lesion in other subjects may have been due to multiple aetiological factors. Inadequate dietary protein, for example, has been demonstrated to be of aetiological significance in the abnormalities of intestinal morphology and function which are commonly present in children with kwashiorkor (Stanfield, Hutt, and Tunnicliffe, 1965; Brunser, Reid, M6nckeberg, Maccioni, and Contreras, 1966) and implicated as a possible factor in similar lesions in adults (Zubiran, 1961; Mayoral et al, 1967) . Sebrell and his co-workers (Sebrell, Smith, Severing- haus, Delva, Reid, Olcott, Bernadotte, Fougere, Barron, Nicolas, King, Brinkman, and French, 1959) have documented the fact that the dietary intake of the rural population of Haiti is suboptimal and all seven patients in the protein deficiency category in the present study related that their intake of protein was markedly reduced. Further therapeutic studies concerned with the effect of protein repletion without vitamin therapy in such subjects will be necessary to elucidate whether protein malnutrition is of relevance in the aetiology of their intestinal abnormalities.
SUMMARY
Twenty-three residents of rural Haiti who were found to have malabsorption, which was associated with overt symptoms of intestinal disease in eight and was subclinical in 15, have been treated with folic acid or tetracycline, or both. Treatment of eight patients with overt tropical sprue resulted in cessation of diarrhoea in all, weight gain in five, reversal of jejunal morphological abnormalities towards normal in all eight, and increased xylose absorption in four; the haemoglobin concentration rose in seven, the serum albumin rose in three, and the serum cholesterol concentration rose to normal in five. Similar therapy in 15 subjects with subclinical malabsorption, seven ofwhom hadprotein deficiency, resulted in weight gain in seven, improvement in jejunal morphology in six, and increased xylose absorption in seven; the haemoglobin concentration rose in nine, the serum albumin concentration rose in four, and the serum cholesterol concentration returned to normal in four.
The response of the intestinal lesion to therapy appeared to be related principally to the severity of the pretreatment morphological abnormality rather than to the presence or absence of overt manifestations of intestinal disease. Thus, treatment resulted in improvement in jejunal morphology in all nine subjects who had marked (3+) and in five of 10 subjects who had moderate (2+) morphological abnormalities but no change occurred in any of the four subjects who had mild (1 +) changes.
These observations indicate that the intestinal abnormalities observed in asymptomatic residents and in patients with protein deficiency in areaswhere tropical sprue is endemic are, in some instances at least, related to the lesion of tropical sprue in that both respond favourably to similar therapy.
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